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I. 
Abstract 
RoS ENGREN, RAJNER: Foraging strategy of wood ants (Formica rufa group}. II. 
Nocturnal, orientation and die! periodicity. - Acta Zoo!. Fennica n0:1-30. 
In colonies of the wood ant Formica poiyclena foragers lea'<-e ~he mound during 
warm nigh~s in late sum=. Nocturnal foraging does not require the presence of 
the moon and also takes place when the sky is completely overcast. The tfidelity 
of forager groups to their own specific routes (O rtstreue} is as high in the night 
as in ~he light period. On he other •hand, observations of colour-marked foragers 
surviving the hibernation period indicate that spatial fidelity is based on a 
persistent memory of visuad· landmarks. These results can be explained by assum-
ing that wood ant~ use different orienting mechanisms in the day and the night . 
The nocturnal forager popu•lation is largely the same as the diurnal one, which 
means thrut the same individuals must possess orienting mechanisms for both 
noctur.nal and diurnal foraging. The results of marking foragers in the tfield 
with different colours for different par.ts of the day disproved the existence of 
forager groups separated by differences in circadian periodicity. These results 
were confirmed by ma·chine counts af foragers departing from an artificial •nest. 
Attempts to condition foragers to a certain feeding time !failed completely. There 
was, however, clear evidence .that a light/da!'k-cycle (LD} or a temperature cycle 
induces a general activity rhythm in ~he ant population. Peak activity occurs at the 
end of the scotophase and/or at the beginning of the photophase. Both .the ocurr-
ence of noctu:rnal foraging and the lack of time conditioning may be seen as 
adaptations to the omnivorous forag ing strategy of the species. 
Author's address: Department of Zoology oif the University, . Jamvagsgatan 
13, SF-00100 Helsingfors 10 Finland . 
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I. INTRODUCTION 
A. Nocturnal orientation 
It is well known that the orienting aids 
used by wood ants include both visual cues 
from the sky (sun and polarization pat-
tern) and terrestrial landmarks (J AND ER 
1957) . Wood ant foraging has, however, 
also been observed in the night (BRuNs 
1954, HoRSTMANN 1970, DE BRuYN & 
KRUK-DE BRUIN 1972, ATANASSOV 1974)· 
SNELI (1964) found that the traffic of 
F. lugubris ants leaving the mound during 
warm nights in the middle of August was 
about 30 Ofo of the daytime traffic. On 
those occasions the light intensity within 
the forest was too low to be measured 
with an AEG light-recorder. ] A DER 
(1957) was able to show that wood ants 
can use the moon as an orienting cue 
(see also DuELLI 1972 for ants of the 
genus Cataglyphis), but moon orientation 
cannot explain my present findings. 
Experienced wood ant foragers show 
a strong and very persistent fidelity to 
route and place (site tenacity or Orts-
treue), i.e. each individual returns to the 
same spesific forag!ng ground by the 
same route (e.g. 0KLAND 1931 , OTTo 
1958b, DoBRZANSKA (1958). This feature 
can be used to study the accuracy of di-
rection-finding under different natural or 
semi-natural conditions. Previous experi-
ments have shown (RosENGREN 1971 :55-
57) that during the light period of the 
day fidelity to feeding places is mainly 
due to a memory of the position of trees 
and other large visual landmarks (see also 
HoLLDOBLER 1974 for ants of the genus 
Pogonomyrmex). But these experiments, 
carried out ir.. a very large open-air arena 
with movable "trees" of natural size (the 
ants , entering the arena through a central 
opening, were marked with different col-
ours for different feeding directions), 
showed very clearly that the foragers 
did not react to a shift in the position of 
trees during the night (RosENGREN 1971: 
56, fig. 26, histograms 10 and 22). On the 
other hand, observations of marked 
forager groups in natural colonies indicat-
ed that the fidelity of foragers is retained 
at night in August and September (Ro-
SENGREN 1971 :15 and 33) . It thus seems 
that fidelity at night may be due to other 
cues than fidelity in the light period. 
Olfactory cues immediately suggest them-
selves as an explanation, because there 
are indications that wood ants, like other 
Formica species, may use olfactory trails 
(H ANGARTNER 1967, HoRSTMANN 1975b, 
1976, ELGERT & RosENGREN 1977; see 
also MoGLICH and HoLLDOBLER 197 5 
for F. fusca ants). However, this would 
require the additional assumption that 
olfactory trails smell differently on 
different routes, because each ant must be 
able to identify its own specific route 
among a number of alternatives. The 
difficulties involved in explaining noc-
turnal orientation in wood ants according 
to known mechanisms motivate a closer 
investigation of the phenomenon. One 
question which arises is whether the same 
individuals possess orienting mechanisms 
for both nocturnal and diurnal foraging. 
B. Activity rhythms 
The question of nocturnal foraging is 
related to the question of activity rhythms 
and the influence of light on activity in 
wood ants. Is the nocturnal population of 
foragers different from the diurnal popu-
lation, e.g. owing to differences in the 
basic reaction to light, or owing to differ-
ently "set" circadian clocks? Honey bees 
show both a light/dark-induced circadian 
rhythm and a time memory synchronized 
with the diel rhythm of flowers or with 
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an artificial feeding time (see RENNER 
1958, voN FRISCH 1967 and KoLTERMANN 
1973 for review). Some foraging objects 
utilized by wood ants show a diel period-
icity (e.g. an aphid species reported by 
HoRSTMANN (1970) to have a maximal 
production of honeydew in the night). 
Wood ant foragers gradually learn to 
compensate for the apparent movement 
of the sun and the polarization pattern, 
which means that they possess an adjus-
table "inner clock" (JANDER 1957). A 
memory of the feeding time has been 
suggested in wood ants, but later experi-
ments with time conditioning have yield-
ed no evidence of its existence (see REN-
NER 1958 and WILSON 1971:215 for rev-
iew). A particularly surprising results is 
the failure to demonstrate a light/dark 
induced activity rhythm in wood ants (DE 
BRuYN & KRuK-DE BRUIN 1972), because, 
unlike time conditioning, this feature is 
very common. Camponotus has a marked 
light/dark-induced circadian periodicity 
in both the male and worker caste (Mc-
CLUSSKY 1965) and a light/dark cycle at 
constant temperature also leads to a 
marked periodicity in foraging activity 
in some Canadian Formica species (FIN-
NEGAN 1973). I have therefore found it 
necessary to reinvestigate this question in 
wood ants of the Formica rufa group. 
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11. MATERIAL, METHODS AND SOURCES OF ERROR 
A. Field work 
1. Study colony 
A large colony {)f Formica polyctena (mound 
B, Sunnanvik, Sjundea rural district about 40 km 
west of Helsinki) was used for the present experi-
ment (see RosENGREN 1977 for taxonomic pro-
blems). The mound (94 cm high and 750 cm in 
circumference) was situated 1n conilferous forest 
with climax type vegetation (Vaccinium and Cal-
luna, a continuous moss layer}. Two of the routes 
(7 and 8 fig. 1) led to vegetation of a more 
luxuriant type (some ·deciduous trees and herbs 
and grasses). These two routes (for the concept of 
route, see RosENGREN 1971:7) were difficult to 
follow, owing to the type {)f vegetation, and were 
less well defined than the other routes of the 
system, especially in spring. Route 6 ran towards 
a dry, rocky habitat with patches of Cladonia 
lichens. The situation in a transition area between 
different types of vegetation seems to be fairly 
typical of wood ant mounds in southern Finland 
(01NONEN 1956). The very simplified picture of 
the route system presented in fig. 1 does not in-
elude small, often temporary, branch paths run-
ning to numerous "aphid trees" (generally not 
visited before mid May). 
Some of the routes could be followed for more 
than 1 ()() m thr ough the mossy terrain. ear the 
mound seve~al of the roads formed about 30 cm 
broad, completely naked furrows through the 
rough moss cover (mainly Pleurozium sclireberi 
and Hylocomium splendens) . one of the trunk 
routes or the larger branch routes terminated in 
a particular "aphid tree", as has been reported to 
be the rule on the continent. The forager popula-
tion of the colony was so large that traffic counts 
could be made on the routes only in early spring 
and autumn. The number of foragers probably ex-
ceeded 1 miUion during the peak of the active 
season ( the estimate is based on comparison with 
a small mound in the vicinity wit h a fo rager po-
pulation of known size, see RosENGREN 1977) . 
The large size of the colony was an obvious 
advantage in the present case because the removal 
of large samples of foragers from the routes of 
smaller colonies may seriously deplete the popula-
tion on the sampling routes and thus affect the 
results. 
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FIG. I. Simplified diagram of the route system 
of the study colony. The arrows on routes 3a, 3b 
and 6 indicate the proximal points of the stretches 
where spray marking and sampling were carried 
out. Route 2 (broken line) did not exist until 1973. 
The dashed area shows where timber was felled in 
winter 1973. 
In April 1975, some days after the beginning 
of activity outside the mound, the spatial distri-
bution of the forager population was <letermined 
within a semicircular belt (routes 7 and 8 exclud-
ed), whose inner margin ran 1'0 m from the 
mound (for method see RosENGREN 1971:10). At 
~teady state tr<JJffic (i.e. -departing and returning 
streams about equal), 73 Ofo of the foragers (n = 
4·17) were found on routes existing the previous 
year (allowing a width of 60 cm for each route) . 
The total width of <the seven routes (7 X 60 cm) 
included in the semicircle (one included branch 
route is not seen in fig. I) was only 13 Ofo of the 
belt. A further check of the distribution in the 
evening, when most of ·the ants were returning to 
the mound, showed that 92 Ofo (n = 597) were 
using the previous year's routes (8 Ofo on radii 
between routes) . This higher value in the evening 
(cold weather) i:s due to the simple fact that ants 
foraging between the routes near the mound re-
turn to the mound earlier than ants foraging far-
ther away. These values are of the same order 
of magnitude as those found in the autumn (see 
also RosENGREN 1977). Counts made in late spring 
gave clearly lower values (e.g. 60 Ofo, n = 805, 
during steady state traffic in May). 
2. Colour markings with aerosol paints 
Spray paints provide an excellent means of 
marking a large number of foragers and are essen-
tial if the aim is to carry out extensive marking 
during a limited period of the day. Five leather 
paints (the "Magi Dye" series) and two paints 
for metals ("Sparvar") were used in the present 
case. The best way to apply the paints is to press 
the button so lightly that separate .small droplets 
are formed. It -is important to use paints with a 
large amount of light pigments, avoid "gold 
colours" which oxidize in time, and avoid sprays 
that are too thin to cover an object if applied in 
a single layer. None of the workers in a labora-
tory colony marked with "Sparvar" chrome-
yellow, and white and orchid from the "Magi 
Dye" series lost their markings completely during 
a month. This (and my field observations) indi-
cates that the aerosol paints used here are several 
times more durable than the manually applied 
paints used by some other ant students (cf. HoRST-
MANN 1973). The variation in the intensity of 
spray markings may be a source of error in the 
field (e.g. very lightly marked individuals are not 
observed at twilight). Another difficulty is the 
presence of in-dividuals with double markings. 
Those errors were of less importance in the pre-
sent case, because the ants were all examined 
under a binocular microscope. Two of the colours 
(pink and beige of the Magi Dyes) were neverthe-
less rather difficult to differentiate in lighfly 
marked individuals. 
3. Marking procedure 
The experiment was carried out in mid August 
1972. Routes 3a, 3b and 6 (see fig. I) were used 
for marking. Route 3a ha<l by far the largest 
volume of traffic, route 6 had a medium volume 
and branch route 3b was clearly the least fre-
quented . The ants were marked on 9.VIII and 10. 
VIII at 01.00---02 .00 and 10.00-11.00 on all the 
three routes (partly overcast sky, about 14-16°C 
during night marking). Route 6 was also marked 
at 17.00-18.00 on the same days. 
The routes were spray-marked on a given 
stretch (about HJ m for the day groups and 20 m 
for the night groups) whose proximal limit 10 m 
from the mound on route 6 and about 2 m beyond 
the forking point (fig. 1) on routes 3a and 3b. 
Marking was started from the distal limit of the 
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marking stretch and progressed at about 5 minute 
intervals towards the mound. This procedure ma-
kes use of the fact that foragers leaving the mound 
hesitate and aggregate before the marking front 
and may thus be marked in large numbers. At the 
same time the stream of foragers returning io the 
mound is delayed by a growing stretch of marked 
route surface. This inhibition of the return stream 
is rather shortlasting but allows a certain selecti-
vity of marking with respect to departing and re-
turning streams. Most ants marked in the present 
case were thus leaving the mound. 
It was considered advisable to wait about two 
days after marking to allow blinded and confused 
ants to be eliminated from the system (through 
loss in the terrain and active cleaning of paint 
from eyes and antennae). However, this was not 
done in the comparison described on page 15 
(tables 3 and 4), because a difference in periodi-
city between different forager groups may be 
shortlasting. 
4. Sampling 
Ants found on the previously spray-coloured 
stretches of the routes were placed rapidly in jugs 
of water. It was unfortunately not possible to keep 
the departing and returning ants separate. Practi-
cally all the ants found on the marking stretches 
of routes 6 and 3b were removed, but only spot 
samples could be obtained from route 3a, owing to 
the large volume of traffic on that route. Samples 
were taken at 10.00-11.00, 17.00-18.00 and 
24.00-02.00, between 1972-'08- 11 and 1972-08-2{) 
and in late April 1973. The spring samples had to 
be taken closer to the mound owing to disturbance 
of the traffic on branch routes 3a and 3b by tim-
ber felling in the previous winter (cf. page 12). 
The moon was absent during the night sampling 
(1972-08-15, 1972~08-19, 1972-08~2.0) and in addi -
tion one of the nights was completely overcast 
(1972~8-1 9 ) . It was necessary to use a flashlight 
during night sampling. H owever, new ants from 
the mound would not be able to reach the di-stant 
sampling places during the rapid sampling proce-
dure (the ants were of course not collected one 
by one, but raked together with leaves, twigs, 
needles and debris from the sampling stretch). 
The ants were killed and stored for some time in 
a dried condition (no bleaching of the colour was 
observed) . 
B. Laboratory work 
1. System a 
A colony of F. polyctena (several thousand 
workers, including a large number of so-called 
"Speichertiere" storing fat in the gaster, and 6 
queens) was kept in a laboratory nest from the 
beginning of February onward. Moulded around 
the basal part of the nest (a hollow cylinder of 
spruce wood filled with natural nest material ) 
was a large block of plaster of Paris, which was 
kept moist. The nest was situated in a circular 
drum of white cardboard covered on the inside 
with an oil-smeared sheet of acryl ic plastic. The 
70-cm-high drum was lighted centrally with a 100 
watts incandescent reflector bulb hanging 87 cm 
above the 3-mm-thick milky acrylic plate that 
covered the drum. The light could be switched on 
and off at regular intervals. The light intensity on 
the floor of the drum was normally about 700 
Lux. This intensity could be decreased with ihe 
aid of large gray filte rs of known optical density 
placed in a frame between the bulb and the milky 
roof of the drum. A 10-cm-high acrylic partition 
smeared with paraffin oil divided the plaster floor 
of the drum (lOO cm in diameter) into a nest fie ld 
and a foraging field (fig. 2 system a). To reach 
the foraging field , the ants had to cross a glass 
bri.dge (5 = broad) , permitting traffic in only 
one direction (see fig. 2 system a). Ants returning 
from the foraging field had to cross another 
identically constructed one-way bridge. The ants 
entered the glass bridges by climbing up black 
wooden cylinders, which also functioned as visual 
beacons. Remarkably few ants tried to enter the 
bridges from the "wrong" end, but some hesitated 
at the pointed glass rod terminating the bridge 
and returned to the nest. This source of error was 
especially disturbing during low traffic intensity, 
but was practically absent during strong traffic, 
e.g. due to recruitment to food . It was possible to 
minimize this error by carefully regulating the 
·gap between the point of the rod and the floor of 
the arena (the gap should not exceed about 3 mm, 
but on the other hand it should not be so narrow 
that the ants are tempted to enter the bridge from 
the wrong direction). It seemed as if training may 
have had some influence, because the traffic over 
the bridges progressed with less hesitation when 
the ants had been using them for some time. The 
traffic on the bridge leading to the foraging field 
was automatically recorded with an infrared-
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sensitive phototransistor coupled to a printing 
counter (Sodecoprint). The transistor above the 
bridge was combined with a 900 nm infrared 
emitter situated underneath the bridge (see fig. 2). 
The printer a,dded impulses separately for each 
5 minute period (setting to zero with a synchro-
nous motor). When properly adjusted this -device 
counted &0 °/o or more of the ants crossing the 
bridge on their way to the foraging field. 
This recording device could count ants crossing 
the bridge in complete -darkness. Counting in dark-
ness was avoided, however, during my initial ex-
periments with system a, because the nest popula-
tion, mainly consisting of young so- called " In-
nendiensttiere", was overcrowded and the ants 
were -showing a tendency to aggregate and even 
deposit brood outside the nest during the -dark 
period of the light-dark cycle. This activity made 
it impossible to obtain a reliable measure of for-
aging activity during the dark period. "Nest ex-
pansion" disappeared later and the activity along 
the bridge could then be measured in complete 
darkness as well (fig. 5 C) . 
The humidity of the light-proof room was kept 
at about 60 °/o R:H with the aid of a continuously 
working humidifier (Siemens) based on the eva-
poration principle. The temperature within the 
drum rose to a maximum of about 26°C during 
the light period and sank to a minimum of about 
23°C when the light ha-d been switched off (tem-
perature and humidity controlled with a Lamp-
recht thermohygrograph). During constant light 
the temperature within the drum stayed at about 
25°C ± 1 °C. A pneumatic feeding vessel (sec 
VON FRISCH 1967:18) filled with a solution of 
syrup gave a constant supply of sugar within the 
foraging field (fig. 2), but only some of the ants 
entering the bri-dge visited the vessel. Others 
carried dead nestmates or pieces of pupal husks to 
certain sites within the foraging field. Most of the 
"foragers", however, just seemed to "explore" 
the arena. The ants were fed with T enebrio larvae 
or fresh beef at longer or shorter intervals. For 
further details of the experimental procedure see 
pp. 17-19. 
2. System b 
An improved version of the equipment just de-
scribed was used for my later recordings (fig. 6 
and 7) . The main differences were (fig. 2 system 
b): 
system a 
system b 
~8 
~ 
11 
E 
11 
FIG. 2. System a. I. Arena with nest A and a 
pneumatic feeding vessel B. 1: one-way bridge 
leading from the nest field to the foraging field. 
2: one-way bridge leading from the foraging field 
to the nest field. 3: partition between the nest field 
and the foraging field. 
II. 1: black cylinder. 2: glass bridge leading from 
the nest field to the foraging field. 3: partition 
between the nest field and the foraging field. 4: 
pointed glass rod terminating the bridge. 5: cy-
linder holding the infrared emitter. 6-: phototran-
sistor coupled to a printing counter. 
System b. I. Arena seen from above with the nest 
field (A) and the circular foraging field (B) . En-
trance to the nest in the centre of the nest field. 
One-way bridges between nest field and foraging 
field indicated by arrows. 
II. Cross-section of arena within circular wall. A: 
nest field . B: foraging field. C: nest. D : rubber 
tube connecting nest with centre of nest field. E: 
Hg mixed light lamp within ball of opal glass 
(this lamp was replaced by a fluorescent tube 
during some experiments). 1: recording bridge 
leading from A to B. 2: infrared emitter and 
phototransistor. 3: printing counter (Sodecoprint). 
I . The nest, made of partly transparent acryl-
ic plastic filled with natural nest material , had a 
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much larger volume ( 41 cm in height, 55 cm in 
diameter) and was situated under the arena. The 
ants reached the circular nest field of the arena 
through a {).5 m-long rubber tube. No tendency to 
deposit nest material or brood in the nest field 
during the dark period was observed in this case. 
2. The arena was larger and was divi·ded by 
a circular acrylic partition into a round "nest 
field" and a circular "foraging field" (fig. 2b). 
The ants used the circular foraging field as a kind 
of "running track". This "release of locomotor 
behaviour" in the foraging field combined with 
the long way from the nest to the recording bridge 
seemed to stabilize the traffic over the bridge, so 
that irregular activity peaks were less common. 
8. The arena was surrounded by a circular 
wall made of white cardboard but was not situat-
ed in a closed drum as in system a, so that the 
heat from the lamp was not "trapped" within the 
d.rum. This and the use of a Hg mixed-light bulb 
(160 watt), which produced less heat than the 
incandescent lamp previously used, gave a lower 
temperature within the arena (22 ± 1 °C), and 
made the temperature difference between the 
light and dark period smaller (p. 8). During part 
of the recordings, the Hg mixed-light bulb (giving 
17 5 Lux in the arena) was replaced with fluores-
cent tubes (giving 350 Lux in the arena). 
4. Both the Hg lamp (in a ball of opal glass) 
and the fluorescent tube contrasted sharply with 
the black-painted ceiling of the laboratory room. 
The electronic recording device and the bridges 
were, with small modifications, the same as in 
system a. Relative humidity was kept at about 
60 Ofo with a continuously running evaporator. 
C. Sources of error 
1. In the field 
The long mean journey time (see HoLT 1955, 
HoRSTMANN 1974) and variations in the journey 
time of each forager may be expected to blur 
original timing differences between groups (cf. 
page 17). This makes it difficult to draw any 
conclusions from negative results. 
A criticism that can be made of my results 
showing retention of fidelity during nocturnal 
foraging (pp. 10-41) is that I cannot prove that 
all the ants captured during the night had depart-
ed from the mound during that period. It can be 
argued that some of them left the mound in the 
evening when the light conditions still allowed 
visual orientation and then returned in the dark 
period along scented trails. I confirmed, however, 
during each night sampling (24:D0-02:<00) that 
streams of foragers were moving away from the 
mound along the sampling stretches. Thus if visual 
orientation were a deciding factor, fidelity could 
be expected to decrease. 
2. In the laboratory 
Variations in temperature 
It was not possible to control the temperature 
of the laboratory exactly but it was checked con-
tinuously with thermographs. In the closed cylin-
der of system a, the temperature differed too 
greatly between the light and the dark period to 
permit firm conclusions concerning the specific 
effect of light. The Hg lamp of the open b system 
gave a maximum difference of about 0.5°C-
0.60C between the light and the dark period, and 
this was originally considered "safe", because the 
switching on and off of an electric heater (12 :12 
cycle) giving about the same cyclic difference in 
temperature during constant light (LL) induced 
no clear activity rhythm in the population (in this 
pilot study, the colony had not been subjected to 
any regula.r light cycle before the experiment). 
Later studies showed, however, that a maximum 
difference of only about 1 °C can maintain a very 
clear activity rhythm in complete darkness (DD), 
at least if the population has previously been sub-
jected to a LD rhythm (fig. 6). The fluorescent 
tube used in system b gave no measurable diffe-
rence in temperature between the light and dark 
periods, but nevertheless induced a clear activity 
rhythm in the population. But even in the latter 
case, a thermal effect cannot be completely ruled 
out, because the bodies of the ants may absorb 
some thermal radiation from the light source. 
Variations in humidity 
It is obvious that variations in the relative hu-
midity of the air may be a serious source of error 
when foraging activity is studied as a response 
to other factors (seep. 23), and the relative humi-
dity of the laboratory was checked with a hygro-
graph. A hygrostat was used initially to obtain a 
constant RH level, but it had to be removed, be-
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cause it caused a regular pattern of small oscilla-
tions in RH. The continuously running evapora-
tor was found to give a smoother humidity curve 
in the closed room. The RH level did indeed 
change gradually over several hours or days, but 
these changes did not show any die! pattern. 
Variations in sounds and vibrations 
caused by human activity 
The laboratory and the nest was not shielded 
from vibrations, e.g. those due to car traffic on 
surrounding streets. It is easy to demonstrate that 
wood ants react to strong vibrational stimuli with 
increasing locomotor activity (unrest), and the 
vibrations from human activities followed ap-
proximately the same die! "rhythm" as the light-
dark cycle used through some of the experiments. 
This source of error was nevertheless less serious 
than may appear at first glance. This is because 
my recording device did not measure general loco-
motor activity but very specific, probably learned, 
behaviour (climbing to the top of a cylinder and 
thereafter crossing the bridge to the foraging 
field). 
The difference between random unrest in the 
population and goal-directed traffic to the for-
aging field was especially evident in experiments 
where the RH level was raised. Low atmospheric 
humidity increases random-type locomotor "rest-
lessness" of wood ants, while increased humidity 
has a "calming" effect (my unpublished observa-
tions). In spite of this calming effect of high 
humidity, the traffic along the bridge regularly 
increased when the humidity level of the air was 
raised at the temperature used during the experi-
ments (see p. 2!3). 
Moreover, after a prolonged period in con-
tinuous light or continuous darkness, the ants' 
periodicity faded out although, if the vibratory 
stimuli served as a "Zeitgeber", the periodicity 
might have been expecte-d to continue. Experi-
ments with displaced LD cycles (fig. 7) also in-
dicated that vibrational stimuli hardly can have 
been a serious source of error. 
Variations in locomotor speed 
My recording device measured the number of 
ants crossing the bridge but not the running speed. 
Speed is mainly -dependent on temperature (WEL-
LENSTEIN 1954) but may also be influenced by 
other factors (RosENGREN 1971:45) . The speed of 
wood ant foragers has been reported to show a 
weak die! periodicity (DE BRUYN & KRUK-DE 
BRuiN 1972) and a description has recently been 
given of a "TV-scanning line comparator", which 
records both number and speed of goal-directed 
insects (KRuK-DE BRUIN & TISSING 1975). 
m. RESULTS 
A. Orientation and fidelity to routes 
1. Trunk routes 
Like F. rufa L. and F. lugubris, F. po-
lyctena, shows a route fidelity between 
about 85 Ofo and 95 Ofo in foragers marked 
late in the summer (RosENGRE 1971:15, 
.3.3 and 46) and observed through the rest 
of the active season. This means that a 
maximum of about 15 Ofo of the foragers 
mass-marked with a different spray co-
lour for each route of a system can be 
observed to change their routes during an 
observation period of two months. The 
route fidelity of foragers showed only a 
very small, probably insignificant, dec-
rease as a function of time (RosENGREN 
1971:.3.3). If the ants are marked on forag-
ing grounds outside the routes, however, 
a decrease in Ortstreue with time can be 
observed in a given batch of marked 
hunters (HoRSTMAN 197.3). My previous 
estimates of the pooled fidelity of route 
systems were based on examinations of 
all the trunk routes of my study colonies 
(for methods see RosENGREN 1971:5-7). 
The screening was less effective in the 
present case because only the routes 
where marking had been carried out were 
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TABLE 1. The pooled results of samplings in August 1972 and April 1973 of ants rmarked on 1972-
08-9-10 on two trunk routes. Column "marked C-ants": ants showing fideli ty to the marking route. 
Column "marked D-ants": ants found on the "wrong" route. The values for the cold night of 
15.VIII (11°C) have been excluded from the two last columns: "range of temp." and "range of Ofo" . 
no. of k 0 ., trunk time of k d mar - ~:: ~ mar e ed ...... ~ 
route sampling samp- C-ants D t 1!._ les 
-an s .B 0 
6 1972-<>8-13-- 20 6 1446 3879 
3 _ ,._ 8 1r128 0 ~35 
~ 2574 I 7114 
6 1973-04-20-- 22 5 78 0 1928 
3 _ ,._ 4 5"6 I 1767 
~ I34 I 3695 
included; five routes of the system were 
left unexamined. 
On August 9 and 10, the ants were 
marked on three routes of the system (fig. 
1), a different marking colour being used 
for each route and time group (see page 5) . 
The percentage distribution of marked 
groups in each separate sample is seen in 
fig. 4. The pooled values given in table 
1 (rows for sampling in 1972) have been 
used for the present estimate. The table 
is based on the same samples as fig. 4 
but the values from branch routes 3a and 
3b have been pooled and 46 marked ants 
changing their direction at the fork of 3a 
and 3b have been included. Of a total 
of 257 5 marked ants sampled in 1972 
(table 1) only one ant (captured in the 
light period) was found on a "wrong" 
route, i.e. it did not show fidelity. Of 
those marked ants, 14 72 had been samp-
led during the light period and 1103 in 
the night (24.00- 02.00, no moon present). 
It can be concluded that both the night 
groups and the day groups showed a fi-
delity of nearly 100 Ofo with respect to 
the examined routes. The exceptionally 
high fidelity found in the present case 
was probably due both to the large ang-
ular distance between the examined trunk 
routes (about 70 degrees) and the fact 
that the ants had been marked far away 
from the mound (see page 5). In addition, 
as in most of my study colonies, the naked 
furrows ·of the trunk roads were isolated 
from each other by a dense and almost 
range of range of 0/o marked 
temp. per sample ± 1.96 llp 
l-4°C to 20°C 34.2 ± 3.6 to 37.3 ± 5.3 {" 34.0 ± 4.0 to 38.0 ± 3.9 _,._ 3b: 24.6 ± 6.8 and 34.6 ± 3.5 
6.5°C to W .5°C 2.1 ± 1.5 to 6.3 ± 2.0 
_,._ 2.5 ± 1.7 to 3.4 ± 2.1 
impassable moss cover (mainly Pleuro-
zium schreberi). All this means that the 
trunk system examined may have been 
too crude an instrument to reveal small 
differences in direction-finding capacity 
between day foragers and night foragers. 
2. The fork system 
There was, however, a more sensitive 
system, namely the fork of route 3. A 
small number of foragers which had been 
marked on route 3a regularly appeared 
in the samples from branch route 3b. The 
pooled day samples from branch 3b (1972 
-08-13-20) contained 1532 ants in all 
(marked + unmarked), 19 (1.24 Ofo) of 
which had been marked on the other 
branch. The corresponding value for the 
night samples from this route (941 ants 
in all) was 14 (1.49 Ofo). The difference 
is not significant (x2 = 0.10 1 d.f. P = 
0.75) . The fork system was used for a 
more rigorous test, in which samples 
taken during the heavily overcast night 
of 19.XIII (about 14° C, no moon, samp-
ling time: 24.30-01.15) were compared 
with those taken on the partially overcast 
day of 1972-08-20 at about 11.00. 
The results are presented in table 2. If 
we divide the material into two categories 
only (ants faithful to the marking route 
versus ants unfaithful) and pool the num-
bers for both the branches, we obtain the 
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TABLE 2. 
Night sample Day sample 
Marking period 1972-08-19 1972-08-19 
and route Branch Branch Branch Branch 
3a 3b 3a 3b 
Day-marked 3a 33 2 93 8 
Night-marked 3a 25 0 37 0 
Double-marked 3a 3 0 2 0 
Day-marked 3b 1 9 2 45 
ight-marked 3b 3 24 9 103 
Double-marked 3b 0 5 0 25 
Total number of 
ants examined 
(marked + 
unmarked) 188 118 576 532 
following result (95 Ofo confidence inter-
val p ± 1.96 Bp): 
1. Night group (1972-08-19) : 94.3 Ofo ± 
4.4 Ofo of 105 marked ants faithful to the 
marking route. 
2. Day group (1972-08-20): 94.1 Ofo ± 
2.6 Ofo of 324 marked ants faithful to the 
marking route. 
It can be concluded that the fidelity of 
the foragers to the examined branch 
routes remained unaltered during the 
night, although the sky was completely 
overcast and the moon was absent during 
the time of sampling. It is possible that 
the clouds may have reflected some light 
from human settlements some kilometres 
away, but the light conditions within the 
spruce-dominated forest were too poor for 
the visual orientation of a human being. 
3. The situation after the hibernation 
period 
The following results confirm my prev-
ious conclusions about retention of fideli ty 
through the winter (RosE GREN 1971), 
but also show that visual changes due to 
cutting of trees during winter may lead 
to a complete breakdown of the previous 
foraging tradition at the points exposed 
to the disturbance. At least part of the 
memory surviving the hibernation period 
and normally leading to a restoration of 
the previous route system (even before 
the activity of aphids, see RosE GRE 
1971 and 1977) is thus very probably 
attributable to the visually stable environ-
ment provided by a coniferous forest. It 
seems likely that the deciduous habitats 
(oak-hornbeam forests) studied by HoRST-
MANN (1975a) did not admit visual recog-
nition of previous feeding places in tlie 
spring because the trees had lost their 
leaves during the winter. These questions 
have been analysed in greater detail in 
a more systematic investigation of the 
effect of thinning and clear cutting in 
forests on wood and foraging (RosENGREN 
& PAMILO 1977). The most important 
point in the present context is the imp-
lication that nonvisual clues used during 
nocturnal foraging either are not preser-
ved through the hibernation period or are 
insufficient for the restoration of the 
previous foraging tradition m early 
spring. 
a. Mortality during hibernation 
The hibernation period during winter 
1972-1973 kept the ants isolated within 
the nest for about 5 months. A crude 
estimate based on table 1 indicates that 
10 Ofo of the forager population marked 
on 1972-08-10 survived to late April1973 
(This is clearly an underestimate because 
marking losses are not taken into conside-
ration). This means that part of the fo-
rager population of late summer survived 
for at least a further 8 months. Foragers 
marked at the beginning of the season 
(May) may survive up to 5 months {my 
unpublished observations). The present 
marking gives no estimate of the real 
mortality of foragers during hibernation, 
especially because the ants had been 
marked about 2.5 months before the end 
of the active season. Markings carried out 
in another colony of F. polyctena in late 
September indicated that actual losses 
during the hibernation may be much 
smaller (29.4 Ofo marked foragers, n = 
300 in late October immediately before 
the end of the active season compared 
with 8.6 Ofo, n = 995 and 21.1 Ofo, n = 
290 during different samplings in April 
the following year). This indicates that 
at least a considerable part of the forager 
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population still active in late autumn may 
survive the hibernation period in southern 
Finland. 
b. Variations in the proportion of mark-
ed ants in samples from early spring 
In samples taken in late August 1972, 
the percentage of marked ants was rather 
uniform, if the values for the cold night 
of 1972-08-15 are excluded (table 1 and 
fig. 4). The spring samples were caught 
during a more restricted period (1973-04-
20-- 22 between 09.50 and 15.00) and 
under more uniform conditions (clear 
weather, 6.5° C to 10.5° C) . 
Nevertheless the five samples caught 
on route 6 showed statistically significant 
differences in their proportions of marked 
ants (x2 = 15.7, 4 d.f. 0.005>P>0.001). 
The reason for these variations may be 
a difference in traffic behaviour in early 
spring between foragers of different age 
(see RosENGREN 1977). The overlap of the 
extreme values in the samples from route 
3 (table 1) may be due to the fact that 
the blocking of this route (see page 13) 
caused a more thorough mixing of differ-
ent age fractions (the traffic stream on 
route 6 extended about 60 m from the 
mound along the route). 
c. Retention of fidelity through the 
winter 
The pooled spring samples from route 
6 included 78 marked ants, all of which 
had been marked on that route (table 1) . 
The corresponding value· for trunk route 
3 was 57 ants; all these had been marked 
on either of the branches of trunk route 
3, except one ant originally marked on 
route 6. The ants of the examined trunk 
route system had thus retained most of 
their fidelity through the winter. My 
previous results indicate a small but stat-
istically significant decrease in fideli ty 
during the hibernation period (RosEN-
GREN 1971:70), but it was not possible to 
demonstrate this effect in the present 
small material. 
d. Effect of visual disturbance 
Previous results indicate that fidelity 
is also retained through the winter with 
respect to the branches of a fork situated 
several metres from the mound (RosEN-
GRE 1971 :73) . 
Part of the forest on the right side of 
route 3a as one progressed from the fork-
ing point (see fig. 1) had been cut during 
winter 1973. The timber felling produced 
deep gaps in the forest, which greatly 
altered the light conditions and the forest 
contour as seen from the forking point. 
However, the change did not involve the 
visual prospect from the mound or the 
forest contour on either side of trunk 
route 3 along an 11-m stretch between 
the mound and the fork. Nor did the 
clearing involve the swampy part of the 
forst in which route 3a terminated. The 
foraging territories of the study routes 
thus remained practically untouched. All 
slash (branches and twigs) from the tim-
ber fell ing had been carefully removed 
from the area during the winter. 
The foragers of this colony clearly foll-
owed the routes right from the beginning 
of activity in early spring (see page 5), 
and the traffic along the trunk routes of 
the system appeared quite normal (dis-
tinct traffic streams were found on routes 
3, 4, 5 and 6 between 1973-04-20 and 
1973-04-22). The ants travelled along 
trunk route 3 in especially large numbers 
(this trunk and branch 3a had the largest 
traffic volume in late summer 1972). 
About 1-2 m before the forking point 
(3a, 3b) the stream along trunk 3 dissol-
ved, however, and the ants spread and 
clustered in the terrain surrounding the 
fork (at the same time, the traffic streams 
on the undisturbed routes of the system 
advanced about 50-60 m from the 
mound). A traffic count (1973-04-21 at 
10.30 to 11.30, 10° C to 11° C) on trunk 
route 3 between the mound and the fork 
showed that ants were proceeding from 
the mound along this trunk at the rate of 
680 per 5 min (the value for route 6 was 
138 ants/5 min). Counts on the other side 
of the fork gave 11 ants/5 min for branch 
3a and 6 ants/5 min for branch 3b. Furth-
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er observations during this period ( 197 3-
04-20- - 22) revealed that there was very 
weak traffic along much of the previous 
length of route 3b, but that the traffic on 
route 3a was only apparent; the ants 
counted when they crossed a given line 
on branch 3a did not actually follow the 
route but reached the counting-line more 
or less "at random" from the surronding 
terrain. The failure to follow route 3a 
was especially remarkable because the 
route formed a bare 10-15-cm-broad 
furrow through the moss all the way from 
the forking point to the intact part of the 
forest (not seen in fig . 1). It seemed as 
if the foragers "swarming" or clustering 
in the moss from the forking point on-
ward had a preference for the sunny gaps 
created by the cutting, and far more 
foragers were found on the right side of 
route 3a than on the left side. It also 
seemed as if the ants clustering in this 
area had difficulty in returning to the 
mound. Some of the clusters were still 
present in the terrain in the evening, 
when ants of the other routes had already 
regained the mound. Further evidence of 
disorientation was the unusually intense 
carrying of nestmates from the disturbed 
area (cf. RosENGREN 1977). In several 
wood ants species, ants may pass the 
winter in hibernation chambers situated 
in hillocks outside the mound (KNErTz 
1964, RosENGREN 1969, RosENGRE 1971: 
9) and are then carried back to the mound 
by nestmates in early spring (e.g. RosE -
GREN 1969). However, the present carry-
ing had nothing to do with hibernation 
outside the mound; no carrying from the 
mound was observed the previous autumn 
and no hibernation chambers were found 
when the earth was dug under various 
small elevations observed around the 
forking point. It should be pointed out 
that my observations about the disturbing 
effect of timber felling were made before 
the active period of aphids (no traffic to 
aphids was observed anywhere in the 
colony during this time). 
The "swarming" within the fork area 
continued for some days but disappeared 
at the beginning of May, with an obvious 
decrease in the initially very high traffic 
3 
FIG. 3. The fork of trunk route 3 (see also fig. 
1) with the rectangular areas used for sampling 
in April 1973. The approximate positions of the 
gaps in the for est caused by timber felling in 
winter 1973 are indicated by small arrows (the 
gaps were about 20 m deep). 
e ants marked in August 1972 on branch 
route 3a. 
::- = ants marked in August 1972 on branch 
route 3b. 
The marked ants captured in spring 1973 within 
the sampling areas of branches 3a and 3b were 
dispersed in the terrain beside the previous road 
furrows , while the ants within the sampling area 
of trunk 3 were clearly following the previous 
route. For further explanation, see the text. 
intensity on trunk route 3. The traffic 
increased on branch 3b during the spring, 
but 3a remained abandoned untill sum-
mer, when very weak bur regular traffic 
was observed on this route. A wholly new 
route (broken line in fig . 1) developed 
during the same spring toward the rich 
foraging area of route 3a. 
During 197 5 this was the most frequ-
ented route in the colony, while route 3a 
remained the least frequented of the 
previous main routes. 
On 1973-04-20 I collected all the mark-
ed ants found on trunk route 3 between 
the mound and the forking point, and the 
marked ants found within two rectangular 
areas of the terrain roughly correspond-
ing to 3a and 3b (fig. 3) . The results 
show that the ants captured within the 
3b area had retained a statistically signi-
ficant preference for this left-hand direc-
tion in spite of their failure to locate the 
exact position of the route (·l = 6.4 1 
d.f. 0.025 > p > 0.01). 
The sample from the area corresponding 
to route 3a is more difficult to interpret. 
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The proportion of ants marked the prev-
ious summer in this branch appeared to 
be lower (61 Ofo) than on the trunk route 
(71 0/o), but the difference was not sta-
tistically significant (x.2 = 0.8 1 d.f. 0.50 
> P > 0.30) . It may be that all the mark-
ed groups deviated to the right, attracted 
by the open gaps in the forest (as was 
actually observed). This tendency may 
have been stronger for ants marked on 
the more disturbed route 3a. It is known 
that wood ants may "regress" from a 
learned menotaxis to a basic phototaxis 
if the situation becomes too confusing 
(JANDER 1957). This explanation is offe-
red very tentatively in the present case, 
but two conclusions seem quite clear: 
1. Tactile or olfactory cues from the 
cleared road surface do not make an im-
portant contribution to the spatial mem-
ory or fidelity preserved through the 
winter (not a single marked ant captured 
within the sampling areas seen in fig. 3 
was found on either of the branches). 
2. Timber felling may lead to an al-
most complete breakdown of the previous 
foraging tradition before aphids can be 
utilized (the foraging grounds in which 
the routes terminated had not bet;n affect-
ed at all by the clearing), and the most 
likely explanation of this effect is a lack 
of familiar visual cues. For further evid-
ence on this point, see RosENGREN (1977) 
and RosENGREN & PAMILO (1977). 
4. Concluding remarks 
Nocturnal foraging in wood ants does 
not require the presence .of the moon and 
also takes place under a completely over-
cast sky (midnight in late August within 
a coniferous forest). Under these con-
ditions, the individual ant is still able to 
locate its "own" specific route among a 
number of alternative similarly traffick-
ed routes. Measured by route fidelity, the 
spatial discrimination of the ants is not 
lower during the night than during the 
light period. This was also the case in 
tests with a fork system situated about 14 
m from the mound. Yet previous results 
have shown that under the light con-
ditions prevailing during late summer 
nights, wood ants do not react to visual 
landmarks. 
Marked foragers surviving an uninter-
rupted hibernation period of 5 months 
are able to recognize their previous forag-
ing directions after winter. Observations 
of the disturbing effect of timber felling 
make it seem likely that the ants remem-
ber a configuration of visual landmarks 
through the hibernation period. If the 
visual environment has been altered, the 
ants are not able to follow a cleared road 
furrow in early spring, or not, at least, 
for any great distance from the mound. 
This accords with previous findings that 
the site tenacity shown by wood ant fora-
gers in the light period is mainly due to 
a memory of visual landmarks. 
These results can be explained either 
by assuming that fidelity to route and 
site is due to different orienting mecha-
nisms in the same individual forager, one 
mechanism operating in light and the 
other in darkness, or by assuming that 
there are two populations of foragers, one 
active in the day and the other in the 
night. 
B. Activity rhythms 
1. Are night foragers and day foragers 
differently "phased" populations? 
The results summarized in fig. 4 indi-
cate that the differences between night 
samples and day samples are so small 
that they may lack ecological importance. 
On the whole, night foragers and day 
foragers do not constitute clearly separate 
populations. Some differences were, how-
ever, found. In the samples taken from 
both routes on the cold night of 1972-08-
15, the proportion of unmarked ants was 
lower than in the preceding samples, the 
difference being statistically significant, 
and the proportion of night-marked ants 
was higher. That this effect may have 
been due to low temperature rather than 
to poor light conditions is evident from 
the fact that the samples taken on the 
warmer nights (1972-08-19 and 1972-08-
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1972-08-13 
11.00 
20'C 0 
1972-08-13 
17.00 
20'C 0 
197Ul8-1S 
01.00 
li'C et 
197Ul8-19 
01.00 
H'C e 
197Ul8-20 
11 .00 
20'C <t 
197Ul8-20 
01.00 
18'C 0 
FIG. 4. Samples from route 6 {upper row) and route 3 {lower row) . Ordinate: percentage of marked 
and unmarked ants within a sample. Abscissa: time of the day, temperature and cloudiness (0 = 
dear weather, e = completely overcast sky) . Black columns: ants marked in the night {01.00-
02.00). Small white columns: ants marked in the day {upper row at 10.00-11.00 and 17.00-18.00; 
lower row at 10.00-11.00). Tall white columns with lines showing 95 °/o confidence interval: un-
marked ants. Hatched columns: double marked ants (included only for samples from route 3). In the 
lower row, both routes 3a and 3b are represented in the histograms for 19.VIII and 20.VIII, but only 
route 3b in the others. 
20) from routes 6 and Sb did not show 
such differences. The night sample from 
route Sa (1972-08-19) showed a signifi-
cantly lower percentage of unmarked ants 
than the corresponding day sample (1972-
08-20) (x2 = 6.7 1 d.f. 0.01>P>0.005) 
and a specific increase of ants marked in 
the night (fig. 4). 
Tables S and 4 compare pooled groups 
of ants marked at different times (in ad-
dition to the material in fig. 4, samples 
taken on 1972-08-11 and 1972-08-12 have 
been included in this comparison, see 
page 6). It can be concluded that the 
percentage of night-marked ants was 
larger in night samples than in day samp-
les (differences statistically significant in 
tables Sa, Sb and Sd, but not Se). Route 
Sb (table Se) may have had a more uni-
form forager population owing to its low 
traffic frequencies (see page 5). This is 
supported by my current finding that ants 
of the young recruit group are more in-
clined to join routes with a large traffic 
volume than routes with a small traffic 
volume (RosENGREN 1977). This means 
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TABLEs. 
a. 
ants marked at 
10.00-11.00 (route 6) 
ants marked at 
01.00---'()2.00 (route 6) Sum 
samples from 
10.00-11.00 
samples from 
24.00-02.00 
'210 (51.0 Ofo) 
162 (36.7 Ofo) 
202 ( 49.0 Ofo) 412 
279 ( 63.S Ofo ) 441 
x2 = 16.9 1 d.f. P<0.0005 
b. ants marked at 17.00-18.00 (route 6) 
ants marked at 
01.00---'()2.00 (route 6) Sum 
samples from 
17.00--.18.00 
samples from 
24.00-02.00 
124 ( 44.9 Ofo) 
149 (34.8 Ofo) 
152 (55.1 Ofo) 276 
279 (65.2 Ofo) 428 
x2 = 6.8 1 d.f. 0 .'01 > P>0.005 
c. 
ants marked at 
10.00-11.00 (route Sb) 
ants marked at 
01.00-02.00 (route 3b) Sum 
samples from 
11.00-17.00 
samples from 
24.00-02.00 
137 (30.5 Ofo) 
91 (29.1 Ofo) 
S12 (69.5 Ofo) 449 
222 (70.9 Ofo) 313 
x2 = 0.13 1 d.f. O.BO>P>o.70 
d. ants marked at 10.00-11.00 (route Sa) 
ants marked at 
01.00-02.00 (route Sa) Sum 
samples from 
Hl.00-11 .00 
samples from 
01.00-02.00 
92 (71.9 Ofo) 
33 (5u.o Ofo) 
36 (28.1 Ofo) 128 
25 ( 43.1 Ofo) 58 
x2 = 4.09 1 d.f. o.o5>P>o.025 
that intensely frequented routes (such as 
route 6 and especially route 3a in the 
present case) probably have a more vari-
able age composition than routes with 
weak or declining traffic·. 
This interpretation is supported by the 
following calculation. The ants on route 
6 had been marked with three different 
spray colours and we would therefore 
expect a larger number of double or triple 
marked ants on this route (these groups 
were not included in fig. 4 upper row but 
can be calculated from the figure as 100 
- sum of included columns). This was 
not, however, the case. Route 3b had a 
larger percentage of double marked ants 
than any of the other routes (route 3b: 
14.3 Ofo double marked, all marked ants = 
886, route 6: 11.1 Ofo double or triple 
marked, all marked ants= 1446, route 3a: 
3.6 Ofo double marked, all marked ants= 
193). These differences are statistically 
significant: route 3b vs. route 6 (x2 = 
5.5 1 d.f. 0.025>P>0.01) route 3b vs. 
3a (x2 = 15.7 1 d.f. P<0.0005). The pro-
bability that day-marked foragers will 
also be marked in the night is very pro-
bably higher for regular foragers (with 
a stronger urge to forage) than for groups 
which leave the mound only during 
optimal conditions and/or during mass 
recruiment. 
Old, "experienced" foragers seem to 
have a higher motivation for foraging 
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TABLE 4. 
ants marked at ants marked at 
10.00-11.00 {route 6) 17.00-18.00 {route 6) Sum 
samples from 210 {51.7 °/o) 196 ( 48.3 Ofo) 406 10.00-12.00 
samples from 137 {52.5 Ofo) 124 ( 47.5 Ofo) 261 1 7.00-18.00 
x.2 = 0.0123 1 d.f. 0.95>P>0.90 
than younger categories. This is seen 
from the fact that old foragers (e.g. fora-
gers marked in the autumn and observed 
in spring the following year) start the 
traffic from the mound as "pioneers" 
when the conditions are still suboptimal 
(RosENGREN 1977) . Ants marked in the 
night (especially at low temperatures) 
probably belong to the same category. 
The old forager category is also probably 
the most "experienced" and thus may 
have the greatest ability to master subtle 
cues during nocturnal orientation. 
The fact that some of the routes showed 
a clear difference in the composition of 
the forager populations during the day 
and the night could also be explained by 
assuming a difference in periodicity, due 
to an individual sense of time, between 
different forager groups. It is therefore 
necessary to analyse in some detail the 
question of time memory and circadian 
rhythm in wood ants. 
The ant leaving the mound along route 
6 had been marked with two different 
colours at two different times of the light 
period. The results for all the samples 
from 1l.VIII onwards have been sum-
marized in table 4. It can be seen that 
the groups are almost identical with res-
pect to distribution in time. This accords 
with the findings of DoBRZANSKA (1958). 
A weakness of my experiment is the fact 
that ants marked on a route certainly 
have very variable journey times (see 
page 8). Variations in the time used for 
foraging in the terrain or staying in the 
nest may mask the existence of different 
time groups. 
2. Conditioning to a feeding time? 
My laboratory colony (p. 6, system a) 
was kept without insect food from the 
beginning of March (12: 12 hour LD 
cycle, light period: 09.00 to 21.00). For 
a week from 1l.III onwards, the ants 
were offered pieces of Tenebrio larvae 
in the foraging field (fig. 2) each day 
between 17.00 and 18.00. During the last 
meal, 200 ants visiting the foraging field 
were marked with green colour patches. 
Another group of 200 ants visiting the 
foraging field in the morning between 
11.00 and 12.00 was marked with white 
patches. During 3 days the numbers, of 
differently marked ants visiting the fo-
raging field were counted through a win-
dow in the wall of the drum at 11.00-
12.00 and 17 .00- 18.00. Table 5 gives the 
pooled results for the 3 days. 
It can be seen from the table that the 
proportions of marked groups visiting the 
foraging field at different times were al-
most equal. (x2 = 0.029, 1 d.f. 0.90>P> 
0.80). Thus no evidence was obtained of 
an individual memory of the feeding time. 
The total traffic on the one-way bridge 
leading to the foraging field was mea-
sured automatically by the photoelectric 
counting device (page 7) through out the 
TABLE 5. 
ants marked ants marked 
at 11.00- at 17 .00- Sum 12.00 18.00 
(white) {green} 
visi ts to 
foraging field 
at 11.00- 12.00 77 {470fo) 87 {53 Ofo) 164 
visits to 
foraging field 
at 17 .00-18.00 90 {48 0fo} 98 {52 °/o} 188 
18 
Time of day 
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FIG. 5. Ordinate: number of ants crossing the bridge per hour (I= lOO ants) . Right ordinate in C: rela-
tive log intensities of light=height of areas within dashed line. Abscissas: the time of the day in hours 
(complete darkness between '21.00 and 9.00 on days 1-3 in A, but continuous light during days 4-10 
in B). Arrows in A indicate the feeding time on the days before the recording. Small arrows at 17.45 
in fig. D (days 2 and 3) indicate feeding with Tenebrio larvae during the recording. For further 
explanation, see the text. 
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light period during the 3 days that the 
marked ants were watched. The records 
(fig. 5 A days 1-3) show no clear activity 
peak at the previous feeding time (17.00 
-18.00). 
The LD cycle was then replaced by 
continuous, diffuse light (fig. 5 B days 4-
10). No clear activity peaks were observ-
ed at the previous feeding time (arrows 
pointing downwards) . Some indications of 
activity rhythms probably related to the 
previous LD cycle were found during the 
first 3 days, but this periodicity seemed 
to fade out rapidly. It is difficult to draw 
any definite conclusions, because the total 
level of activity was greatly reduced. 
Oscillations in the activity level intiated 
by the sudden switching on or off of the 
light may have masked weak activity 
peaks due to a memory of the feeding ' 
time (fig. 5 A and B). I studied this point 
in a population (system a) kept for about 
two weeks in constant light (after the 
same LD cycle as that mentioned previ-
ously). The starved colony was fed with 
pieces of Tenebrio larvae at 17.45 during 
two successive days. Strong recruiment 
peaks (for a closer analysis of similar rec-
ruiment peaks see fig. 8 B) were observed 
during feeding and carrying of the insect 
pieces to the nest (fig. 5 D days 2 and 3 
at 18.00-19.00), but no activity peaks at-
tributable to an induced feeding rhythm 
were observed at the previous feeding 
time during the follo'Ying days (fig. 5 D: 
days 4 and 5 after feeding compared with 
days 1 and 2 before feeding) . The activity 
curve both before and after feeding show-
ed similar, very slight, indications of an 
afternoon peak of unknown origin. 
3. The effect of light and temperature 
cycles on the diel activity pattern 
The recordings reported so far were 
restricted to the light period of the LD 
cycle and thus gave a very incomplete 
picture. We may ask whether the mark-
ed morning peaks seen in fig. 5 (days 
1-4) represent an exogenous or "startle" 
reaction associated with the sudden onset 
of light (see SAuNDERS 1976:12). The 
sudden removal of some of the optical 
density filters placed between the bulb 
and the milky roof of the arena (system a, 
p. 6) caused clear activity peaks (fig. 
5 C), which supports the interpretation 
that the reaction was exogenous. This 
cannot, however, be the whole expla-
nation, because during a continuous LD 
cycle the activity begins to rise well be-
fore the actual onset of light (fig. 6 and 7 
based on recordings in system b, p. 7). 
The activity builds up some hours before 
the onset of light and may actually reach 
its maximum within the scotophase. Dur-
ing the summer, the lowest level of acti-
vity is found during the first hours of the 
scotophase (fig. 7) . Recordings from late 
autumn suggests that during this season 
the ants are generally less active in the 
light period than in the dark period (the 
time of peak activity regularly occurs 
well before the onset of light). This 
results seems to be in accordance with 
my observation that in natural colonies 
nocturnal foraging is more common to-
ward the end of the active season (p. 27) 
but the mechanisms probably involved in 
this case (see later) appear to be so com-
plicated that conclusions on this point 
seem premature. 
Light or tenlperature? 
However, the recordings presented in 
figs. 5 and 7 do not prove that the activity 
rhythm observed in the population was 
induced by the light cycle per se, because 
the light sources used during those ex-
periments also had a heating effect (see 
also p. 8) . In the experiments with the 
mixed Hg bulb (fig. 7), the maximum 
temperature difference between the light 
and the dark periods was about 0.6° C. 
The die! temperature curves caused by 
the bulb (fig. 7) and by an electric heater 
(fig. 6) had the same general shape, but 
the amplitude was larger with the heater 
(maximum about 1.5° C). The fluorescent 
tube used with system b had no measu-
rable effect on the ambient temperature 
of the arena and it was thus possible to 
compare activity in a relatively "pure" 
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FIG. 6. Recordings of die! activity in system b (p. 00, fluorescent tube as light source). Ordinate: no . 
of ants crossing recording bridge per hour ( 1 = lOO ants). Abscissa: time of day in hours. Activity in 
12:12 LD cycle at 22°C compared with activity in 12 :12 temperature cycle in DD and LL. Black 
stretches = dark periods, broken line = approximate temperature curve plotted from thermograph 
recordings (temp. amplitude = 1.5°C), arrows = ant fed with proteins. Recordings made on con-
secutive days (1-19) in winter. 
LD cycle with activity in a temperature 
cycle (fig. 6). 
An LD 12:12 cycle (fluorescent tube) 
resulted in clear diel periodicity with 
maximum activity at, or slightly before, 
light on (fig. 6). When the light cycle 
was replaced with a temperature cycle 
of the same period (12 :12) in continuous 
darkness (DD), the activity of the popu-
lation retained a marked periodicity, but 
the pattern was different, because the 
peak of activity shifted from early 
"morning" to the middle of the "day". 
In continuous light (LL), the rhythm in-
duced by the temperature cycle was much 
weaker and the periodicity seemed gra-
ually to fade out. Replacement of the 
temperature cycle (LL) with the original 
LD 12:12 cycle restored the original 
pattern with a peak in early "morning" 
(fig. 6). 
Thus, contrary to previous claims (DE 
BRUYN & KRux.-DE BRUIN 1972), it seems 
that light alone can induce an activity 
rhythm in the population, although the 
evidence for this is perhaps not entirely 
conclusive (absorption of thermal radia-
tion by bodies of ants, see p. 8). A strong 
activity rhythm can also be maintained 
in the population by a temperature cycle, 
especially in continuous darkness. The 
smallness of the temperature differences 
needed for this effect suggests that tem-
perature is here functioning as a "Zeit-
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FIG. 7. Recordings of the diel activity in system b (p. 00) . Ordinate: no. of ants crossing the record-
ing bridge per hour (1 = 100 ants). Abscissa: time of day in hours. A 12:12 LD period was used in 
all cases, but the onset of the dark period (black stretches) was quite different during different re-
cording periods (months). The ant population was the same in all recordings. The population was 
kept in LL for at least one week before a change in the LD cycle. A Hg mixed-light bulb was used in 
all the experiments (maximum temperature difference between light and dark period: 0.5-0.6°C}. 
Arrows: ants fed with proteins. 
geber" rather than influencing activity 
directly. This interpretation is supported 
by the fact that activity begins to increase 
well before the switching on of the elect-
ric heater (fig. 6). When the experiment 
illustrated in fig. 6 (replacement of LD 
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cycles with temperature cycles) was re-
peated, the results confirmed the above 
conclusions. 
Wood ants are considered to be typical 
diurnal animals. The present observations 
indicate that this cannot be explained oy 
the "stimulating" effect of light on loco-
motor behaviour. Darkness does not gene-
rally have a supressive effect on activity 
(figs. 5C, 6 and 7). The ants visited sugar 
and meat and carried dead nestmates and 
pupal husks to the foraging field during 
the dark phase as well. In nature the LD 
cycle is generally coupled to a temperat-
ure cycle. The function of entrainment by 
the light cycle is probably to synchronize 
the activity of the foraging population 
more exactly than is possible by tem-
perature alone (see p. 27 for discussion). 
Some characteristics of the diel rhythm 
Fig. 7 shows that it is possible to en-
train the same population to new 12:12 
cycles not corresponding to the natural 
cycle (before entrainment to a new cycle 
the population was kept in constant light 
and temperature for at least 1 week) . 
A characteristic feature of some of my 
recordings is that the amplitude of the 
rhythm increases with the degree of star-
vation of the colony (the ants obtained 
no protein duuring days 1-9 fig. 7). 
Another common feature is the "depress-
ing" effect of continuous light (LL). Not 
only was there a more or less rapid 
decrease of former activity peaks in LL 
(figs. 5 and 6), but the mean activity 
reached a very low level {see also fig. 7). 
Continuous darkness (DD) could not 
be observed to have a depressing effect, 
and activity in DD actually appeared to 
be greater than the total activity recorded 
through a period of LD cycles (fig. 6 and 
7) , at least for the ant populations studied 
in late autumn and winter. This curious 
result becomes understandable if we ass-
ume that negatively phototactic ants of 
the intranidal (nurse) group, which are 
normally prevented by light from leaving 
the nest (see KNEITZ 1964), may visit the 
running field during the dark period. 
This effect could not be observed during 
my field experiments and may thus be a 
"laboratory artefact" (small dimensions of 
the laboratory arena compared with the 
foraging range in natural colonies, high 
temperature through the dark period). In 
nature, the dark period is also a period of 
low or decreasing temperature and tem-
perature may be even more crucical than 
light for ants of the intranidal group. The 
dual nature of the population with res-
pect to light reactions makes it especially 
difficult to draw general conclusions from 
this type of laboratory experiments. Light 
may stimulate the activity of part of the 
population (which may explain the re-
cordings of fig. 5C) while inhibiting the 
activity of another part. The final result 
(net increase or decrease in activity) will 
be determined by the composition of the 
population (probably mainly its age dis-
tribution). 
The depressing effect of continuous 
light was evident with both system a 
(incandescent light penetrating the milky 
roof of the drum) and system b (point 
source Hg lamp or fluorescent tube cont-
rasting sharply with the black ceiling). 
However, a difference was apparent bet-
ween the systems; with system a (fig. 5) 
there was some, though rather slight, 
evidence of the continuation of the acti-
vity rhythm for two or three days at 
constant light (LL) and temperature, 
whereas this effect could not be detected 
at all with system b (Hg lamp, fig. 7). 
Recordings at constant temperature in 
continuos darkness (DD) showed fairly 
large fluctuations in activity, but the 
peaks were too irregular to permit any 
conclusions. Definite proof of the true 
circadian or oscillatory nature of the 
rhythm (cf. the alternative hour glass 
principle in SAUNDERS 1976) is thus still 
lacking. Some of the recordings showed 
slight evidence of an activity peak at light 
off (fig. 6 and 7). 
4. The relation between activity and 
relative humidity 
A sudden rise in the relative humidity 
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FIG. 8. Ordinate: no. of ants crossing recording bridge per 5-min period. Abscissa: 5-min intervals. 
A: effect of RH on foraging activity at 25-26°C. Curve sloping upwards: no. of ants. Curve sloping 
downwards : relative humidity (scale of 0/o RH at right) . 
B: effect of offering pieces of Tenebrio larvae in the foraging field. Arrow pointing upwards : begin-
ning of feeding. Arrows pointing downwards: all food carried to the nest. Two different recordings 
of " recruitment peaks" in starved colonies. 
of the air at 25° C to 26° C, caused by 
switching on a rapid Defensor air humi-
difier, very clearly increased the number 
of ants leaving the nest for foraging. This 
effect cannot have been due to the vibrat-
ion of the Defensor, since it was not ob-
served with an empty but vibrating hu-
midifier. The example given in fig. BA 
is an extreme case but the same trend 
could be seen in several repetitions of the 
experiment, especially with system a. It 
seems likely that the high temperature 
within the drum (system a) had an in-
hibitory effect on the traffic activity; 
HoRSTMANN 1970 and DE BRUYN & KRUK-
DE BRUIN 1972 consider that the opti-
mal temperature for fora§ing traffic in 
F. polyctena is about 22.5 C under field 
conditions. It appears that the rise in 
humidity removed the inhibitory effect 
of high temperature, which suggests that 
the temperature optimum for foraging is 
not fixed but may be a function of the 
relative humidity. An increase in the 
upper limit of temperature tolerance with 
increasing relative humidity would be 
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advantageous, because the temperature 
optimum for catching insect booty (BuTT-
NER 1974) and for running (WELLENSTEIN 
1954) is higher than the temperatures 
reported to prevail when maximum num-
bers of workers were present on the track. 
Temperatures considerably above + 23°C 
can hardly be injurious per se, because 
the "target" temperature within the 
mound at the beginning of the summer 
is +27° C to +29° C (KNEITZ 1970 and 
my unpublished measurements in sou~hern 
Finland). However, outside the nest, high 
air temperatures are often associated with 
very low levels of relative humidity 
(which are clearly deleterious to wood 
ant foragers, see KIRCHNER 1964) . If the 
temperature optimum rises with increa-
sing humidity, the maximum b ~nefit can 
be obtained from hunting at the min:mum 
cost. However, it seems as if the be-
havioural humidity effect may be a res-
ponse to a rapidly rising RH level and 
may decline as soon as the level becomes 
fixed, having the character of a "startle" 
reaction. We must, therefore, beware of 
drawing too far-reaching ecological con-
clusions. The humidity response could be 
demonstrated in system b as well (23° C), 
but the effect was much weaker. 
5. Concluding remarks 
One conclusion to be drawn from my 
field experiments is that the nocturnal 
forager population is largely the same as 
the diurnal one. Some statistically signi-
ficant differences suggests that the noc-
turnal population (especially during cold 
nights) may represent a selected part of 
the diurnal population. This may be due 
to differences in foraging motivation, 
which is probably correlated with the age 
of the foragers (cf. RosENGREN 1977) . No 
evidence was found in the field of forag-
er groups separated by differences in diel 
periodicity. The results of my laboratory 
experiments agreed with this observation: 
the ants of a protein starved colony react-
ed to food with clear activity peaks (sugg-
esting recruitment) but showed no indi-
cations of a memory of previous feeding 
times. 
Clear indications were found of gene-
ral diel periodicity of the population with 
an activity maximum prior to the onset 
of light (12:12 LD cycle). The periodicity 
could not be explained as a "startle" 
reaction (due to the sudden change from 
light to dark and vice versa) but the in-
fluence of the heating effect of the light 
source was difficult to exclude completely. 
It was repeatedly observed that continous 
light has a "depressive" effect on activity. 
The observation that the activity level 
may be higher in the dark period than in 
light is probably an "artefact"; under 
laboratory conditions, young intranidal 
workers, which are prevented from lea-
ving the nest by the light, may leave it 
in the dark period. No evidence for this 
effect was found in the field. 
The experiments gave no clear-cut 
evidence of a rhythm persisting through 
LL or DD and it is still an open question 
whether it represents a true circadian 
(oscillatory) phenomenon or can be attri-
buted to other mechanisms (see SAUNDERS 
1976). The number of ants leaving the 
nest for foraging at a high temperature 
increased with a rise in the relative hu-
midity of the air. 
IV. GENERAL DISCUSSION 
A. Nocturnal Orientation 
The wood ant has an apr osition eye 
rather similar to that of the bee, with 
fused and relatively narrow rhabdoms 
apparently containing small amounts of 
visual pigments. Thus its eye differs 
anatomically from that of typical night-
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orienting insects. My observation that 
fidelity to routes does not decrease at all 
in the night strongly suggests that orien-
tation in the dark period is not visual, 
because we would expect that diminished 
visual discrimination would cause at least 
some decrease in fidelity. Clear evidence 
that nocturnal orientation is not visual 
was provided by my previous experiments 
(RosENRGEN 1971), in which the ants in 
an open-air arena did not react to a shift 
in the position of landmarks during the 
dark period, although the arena was lo-
cated on top of an open hill, where the 
light conditions were better than in the 
present case. Another result of my previ-
ous arena experiment also deserves atten-
tion in the present context. When an 
artificial "forest" was shifted by 180°, 
ants marked with different colours for 
different feeding directions showed a 
high degree of "reversed" fidelity during 
the light period (ROSENGREN 1971 :56-5 7). 
But, directly after the shift, the distri-
bution of marked ants visiting the feeding 
vessels in the dark period was random. 
Nocturnal sampling was repeated 1.5 
months later (overcast sky in the middle 
of October at midnight). Two days earlier 
the "forest" had been turned by 180° . 
The foragers by then showed indications 
of site tenacity, which did not, however, 
correspond to the shifted position of the 
landmarks but to the normal (non-revers-
ed) fidelity pattern existing before the shift 
(RosENGREN 1971: fig. 26, compare hist-
ograms 10 and 22). The results thus sugg-
est that the ants gradually "learned" to 
use some type of non-visual directing cues 
during the dark period. 
It might be argued that foragers be-
longing to different routes may occupy 
different sites within the mound and thus 
only have to join the scent trail nearest 
to this site to find their specific route in 
the night or after the hibernation period. 
This explanaion is disproved by the fol-
lowing observations: 
1. Foragers show fidelty to branch 
routes situated far away from the mound 
(page 17). 
2. The mound and the earthnest und-
er the mound can be destroyed completely 
by digging up the nest and mixing the 
nest material. This process usually leads 
to migration from the old site to one or 
several new nest sites, in which cases the 
fidelity of previously marked foragers 
seems to decrease considerably (RosEN-
GREN 1971:44). I have, however, obser-
vations from a case where complete des-
truction of the mound and earthnest led to 
only short migratory unrest (carrying of 
workers from the destroyed mound and 
back again) followed be rebuilding of the 
old mound. The forager population, which 
had been extensively marked with diffe-
rent spray colours on four routes of the 
system, showed practically no decrease in 
fidelity to the routes (my unpublished 
material). 
3. Marking experiments with a semi-
natural, revolvable "route system" rev-
ealed a clear fidelity, although the ants 
reached the "routes" from the top of the 
mound (ROSENGREN 1971:49-51). 
4. Foragers hibernate in clusters un-
derneath the mound and thus do not stay 
in the same parts of the nest as during 
summer. 
Possible mechanisms of nocturnal 
orientation: 
1. The possibility that the different 
wood ant routes in a system may smell 
differently deserves serious consideration. 
Wood ants and related species use faecal 
deposits when laying a scent trail (MoG-
LICH & HoLLnoBLER 1975, HoRsTMANN 
1976), and it is thus theoretically possible 
that forager groups visiting different 
kinds of food may give distinct scents to 
different routes, which allow a wood ant 
forager to recognize its "own" specific 
route in the dark period as well. One of 
my previous experiments seemed to ex-
clude scent trails as a cause of fidelity 
(ROSENGREN 1971 :49-51), but in it the 
ants of a seminatural, revolvable "route 
system" were fed with the same type of 
food on all the routes. However, the hy-
pothesis that trails are marked with diffe-
rently scented faecal matter can hardly 
explain the stable character of site tena-
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city in wood ant foragers. The kind of 
food found along different routes is likely 
to change through the season, while the 
fidelity of foragers to their routes remains 
practically unaltered during at least two 
months of the active season (RosENGREN 
1971:15 and 33). Current experiments 
with tracer-marked sugar indicate that 
forager groups caught on the different 
routes of a colony exchange food freely 
between each other when brought togeth-
er in a laboratory nest (GYLLENBERG, 
LuNDQVIST & RosENGREN in preparat-
ion). Thus no clear feeding barriers can 
exist within the nest, although CouRTOIS 
& LECOMTE (1962) found that tracer-
marked sugar fed to the ants on a natural 
route did not spread to the same extent 
to foragers on other routes. Possible diffe-
rences beween routes in the odour of 
faecal deposits (e.g. due to differences in 
the honeydew of different aphid species) 
are likely to be blurred by the exchange 
of food. 
J AISSON (197 5) showed that the cha-
racteristics of the pupal cocoons of the 
colony or species are learnt during a sen-
sitive period in the early life of wood 
ants, the process resembling imprinting. 
He was able to demonstrate that this 
memory lasted for several months in ants 
isolated from the pupae, and it seems 
likely that it is at least partially olfactory. 
The failure of the foragers at the visually 
disturbed fork area (page 12) to locate 
or follow the previous roads after the 
winter indicates that the memory persist-
ing through the hibernation period was 
neither olfactory nor tactile (stimuli from 
the cleared road furrow)," which accords 
with my previous observations (RosEN-
GREN 1971 :79). There is, however, some 
evidence that auxiliary cues from the 
road surface may be used in the summer 
season if visual cues are disturbed (Ro-
SENGREN 1971 :43). 
2. The desert ant Cataglyphis bicolor 
is able to use the direction of the wind 
as an orienting cue during moonless 
nights (DuELLI 1972), but such a mecha-
nism could not account for the stable 
fidelity pattern observed in the present 
case (moreover, the wind can hardly be 
a reliable cue in a forest). 
3. Kinaesthetic or idiothetic cues ori-
ginating from inner states (e.g. proprio-
ceptive inputs) participate in a variety of 
orientation mechanisms (for references, 
see SCHo E 197 5). The role of kinaesthetic 
cues in direction finding and homing 
over longer distances is, however, the 
subject of some controversy. Kinaesthetic 
homing has been described in spiders 
(e.g. GoERNER 1973) and in some verte-
brates (DuELLI 1975). jANDER (1957) 
found no indication of kinaesthetic orien-
tation in the wood ant, but we cannot 
dismiss the possibility that ants reaching 
the forking point at trunk route 3 were 
able to discriminate between the left and 
the right branch of the fork with the aid 
of kinaesthetic cues. 
4. Geomenotaxis based on gravitatio-
nal sense organs in the neck has been 
demonstrated in the wood ant (MARKL 
1964). The use of the slope of the terrain 
as a means of orientation to a gravitation-
al vector would be a possible way of find-
ing the direction in the night. There was 
indeed a clear difference in slope between 
trunk 6 and trunk 3, but the terrain at 
the fork of branches 3a and 3b was 
practically level. 
5. The evidence that nocturnal forag-
ing may require a long "learning" or 
setting period (see also SNELI 1964) is 
compatible with the possibility that geo-
magnetic cues may be used. Being a very 
weak stimulus geomagnetism seems to 
require a period of adaptation (e.g. LIN-
DAUER & MARTI 1968). There is, how-
ever, no real evidence for geomagnetic 
orientation in the present case. 
6. As the ground temperature cert-
ainly differs in different parts of the 
terrain and on different routes, especially 
at the beginning of the night, the possi-
bility also exists that the ants find their 
specific routes and feeding grounds with 
the aid of a "thermic pattern". 
It is not yet possible however, to assess 
the contribution (if any) of the above 
mechanisms in the nocturnal orientation 
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of wood ants, and we may conclude that 
this problem still remains to be solved. 
B. Nocturnal foraging and 
activity rhythms 
As Sunn (1967:77) has pointed out, all 
the items found in the diets of the more 
specialized ant feeders are eaten by wood 
ants, and the development of mechanisms 
for nocturnal orientation may be seen as 
a consequence of this omnivorousness. 
Many prey insects, like the aphid species 
already mentioned, have their active 
period in the night, but the hunting of 
living prey may be seriously limited by 
poor light conditions. It is known that 
wood ant foragers in the vicinity of a 
moving insect detect and locate the prey 
by visual "kinopsis" (STAGER 1931, AYRE 
1963), and the ability of wood ants to 
locate and capture living prey is clearly 
reduced if the light intensity drops below 
0.1 Lux (BUTTNER 1974) . It should, how-
ever, be observed that wood ants may 
find their prey insects by chance. In my 
study colonies, most of the booty carried 
by ants to the mound in late autumn 
consisted of small frost-killed or cold-
immobilized insects, mainly midges, and 
midges also made up the greater part of 
the booty carried to the mound during the 
nights of late August. Moreover in good 
light conditions there is the risk that some 
prey insects may react by visual "kinop-
sis" to the moving predator, and fly away. 
It would thus be premature to conclude 
that insect booty is without importance 
during the dark period (the main limiting 
factor is probably temperature rather than 
light, see WELLENSTEIN 1954) . It is quite 
evident that wood ants continue to visit 
aphids throughout warm nights. 
Thus, it is not very surprising if a non-
specialized feeder of this kind develops 
alternative means for direction finding 
and homing. 
The need to prey on a large number 
of different insect and other invertebrate 
species may also explain why foraging 
rhytms of an endogenous nature seem to 
be rather weak in wood ants. As pointed 
out by REICHLE (1943) since the different 
prey insects have different activity peri-
ods, strong periodicity in the predator 
would seriously impair the efficiency of 
foraging. This disadvantage could be 
overcome by developing forager groups 
with differently adjusted circadian clocks, 
synchronized to the circadian periods of 
different food items, and such a strategy, 
based on a circadian memory, has obvi-
ously been utilized by the honeybee (see 
RENNER 1958, voN FRISCH 1967 and KoL-
TERMANN 1973 for review), but in the 
present investigation wood ant foragers 
did not show any circadian memory bas-
ed on time conditioning. 
I have made some preliminary field 
observations which suggest that wood ant 
activity is more restricted to the light 
period at the beginning than at the end 
of the season. Although nocturnal forag-
ing has been observed at the end of May 
in wood ant colonies north of the Arctic 
Circle (SNELI 1964) at this time of the 
year, the ants of my study colonies regu-
larly return to the mound at sunset. This 
is partly, but not entirely, an effect of 
temperature. According to my notes, the 
sudden return of almost the whole forager 
population to the mound at sunset occurs 
at a higher ground temperature than th!it 
at which traffic starts in the morning. 
According to SNELI (1964 :4 1) the very 
intense activity peak seen in natural wood 
ant colonies in the morning cannot be 
correlated with temperature and may tlius 
have an endogenous component. Accord-
ing to my notes, this morning peak is 
also more sharply defined at the beginn-
ing of the active season (spring and early 
summer) than later. A stronger activity 
rhythm at the beginning of the season 
would be adaptive, because in Finland 
frost is common during the night in spring 
and early summer. Some conflict may 
thus exist between the omnivorous forag-
ing strategy (which may favour nocturnal 
foraging and relaxation of a light-coup-
led activity rhythm) and the need to 
avoid being caught by low temperature 
while outside the mound. It is however 
very difficult to correlate these field ob-
servations with my present laboratory 
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experiments. The natural activity rhythms 
probably result from a complicated in-
teraction between light and temperature, 
acting as both endogenous timegivers and 
as exogenous (stimulating or inhibiting) 
factors. 
Summary 
I. In the wood ant F. polyctena, nocturnal for-
aging has been observed under the extremely 
poor light conditions prevailing in coniferous 
forests in late summer (no moon and over-
cast sky). 
2. The ability of foragers to locate their own 
routes was examined by spray marking for-
agers with different colours for different 
routes. Spatial discrimination, as evidenced 
by fidelity to routes did not decrease in the 
night, even in the case of a fork system si-
tuated in level terrain about 14 m from the 
mound (the foragers on each branch of the 
fork were marked with different colours). 
!!. Previous results (RosENGREN 1971) show that 
during the light part of the day route fidelity 
is mainly due to the memory of a configura-
tion of visual landmarks. In the night, wood 
ants did not react to landmarks at all. Con-
sequently, the retention of fidelity in the 
night cannot be attributed to visual orienta-
tion. Alternative mechanisms of nocturnal 
orientation are discussed, e.g. the possibility 
that wood ants may mark their routes with 
differently smelling faecal deposits. 
4. Colour-marked foragers surviving an uninter-
rupted hibernation period of 5 months are 
able to recognize their previous foraging di-
rections after the winter. Timber felling has 
been observed to have a disturbing effect, 
which makes it seem likely that the ants re-
member a configuration of visual landmarks 
through the hibernation period. The ants were 
not able to follow a cleared road furrow in 
early spring if the visual. environment had 
been altered. This indicates that the memory 
preserved through the hibernation period is 
neither olfactory nor tactile. 
5. Ants foraging in the dark period were mark-
ed with other colours than ants foraging in 
the light. Samples taken from the routes at 
different times in the natural light-dark cycle 
revealed no marked difference in composition 
between the nocturnal and diurnal forager 
populations. Thus, the same individuals must 
possess mechanisms for both nocturnal and 
diurnal orientation. 
6. Small mean differences in composition were, 
however, found between the day and night 
populations (probably due to temperature 
rather than light). The most likely explana-
tion is that the nocturnal forager population 
represented a selected part of the diurnal po-
pulation, owing to di fferences m foraging 
motivation between foragers of different age 
(see RosENGREN 1977). 
7. The alternative possibility that a wood ant 
society possesses differently timed forager 
groups (e.g. owing to conditioning to the die! 
periodicity of different foraging objects) was 
not supported by the results of laboratory 
tests in which ants leaving the nest for for-
aging were counted automatically when cross-
ing a beam of infrared light. It was not pos-
sible to condition the ants to a certain feeding 
time, although the population reacted to food 
with very clear activity peaks, suggesting re-
cruitment. 
8. There were, however, clear indications that 
a light-dark cycle or a temperature cycle 
(under constant light conditions) may induce 
or maintain an activi ty rhythm in the popula-
tion as a whole. In a light-dark cycle (12:12 
LD), the activity rises at the end of the scoto-
phase and may in many cases reach its maxi-
mum prior to the onset of light, while in a 
thermal12:12 cycle, activity reaches its maxi-
mum in the middle of the warm period. This, 
together with the observation that continuous 
light had a depressive effect, indicates that 
light per se cannot be said to be "stimulating" 
for the population as a whole. It seems pro-
bable that some of my laboratory results can 
be explained by the difference in the reaction 
to light existing between different groups of 
the population (negatively and positively 
phototactic ants). 
9. A sudden rise m the relative humidity of 
the air at 25°C to 26°C very clearly increas-
ed the number of ants leaving the nest for 
foraging (for discussion see p. 23). This phe-
nomenon, detected he.re by pure accident, has 
not been described before. 
10. The development of mechanisms for both 
nocturnal and diurnal foraging, the lack of a 
clear circadian memory (conditioning to a 
feeding time) and the rather weak develop-
ment of general periodicity may be seen as 
components of the foraging strategy of an 
omnivorous species (for discussion see pp. 
24 - 28). 
ACTA ZOOLOGICA FENNICA 150 29 
References 
ATANASSOV, N . 1974: Besonderheiten der Nah-
rungszusammensetzung von Formica rufa L. 
und Formica lugubris Z. in Bulgarien. -
Waldhygiene 10:183-185. 
AYRE, G. L. 1963: Response to movement by For-
mica polyctena Foerst. - Nature 199:405-
406. 
BRUNS, H. 1954: Beobachtungen zum Verhalten 
(insbesondere Tagesrhytmus) der Roten 
Waldameise (Formica rufa) wiihrend des 
N ahrungserwerbes. Zeitschr. Tier-
psycho!. 11 :151-154. 
DE BRUYN, G. J. & KRuK-DE· BRUIN, M. 1972: The 
diurnal rhythm in a population of Formica 
polyctena Forst. - Ekologia Polska 20: 
117-127 . 
BuTTNER, K. 1974: Die Bedeutung abiotischer Fak-
toren fiir die Erbeutung von Insekten durch 
Waldameisen (Formica polyctena Foers-
ter). Teil I: Der Einfluss von Temperatur, 
Luftfeuchtigkeit und Beleuchtungsstiirke. -
Waldhygiene 10:129-155. 
CouRTOIS, G. & LECOMTE, J. 1962: Etude des 
echanges de Nourriture entre butineuses de 
Formica polyctena. - Insectes Sociaux 9: 
S23-327. 
DoBRZANSKA, J. 1958: Partition of foraging 
grounds and modes of conveying informa-
tion among ants. - Acta Bioi. 18:56- 67. 
DuELLI, P. 1972: The relation of astromenotactic 
and anemomenotactic orientation mecha-
nisms in desert ants, Cataglyphis bicolor 
(Formicidae, Hymenoptera) . In R. 
WEHNER. (ed.): Information processing in 
the visual systems of arthopods. 
-»- 1975: Orientierung ohne richtende Aussen-
reize bei Reptilien (Hemidactylus frenatus 
Gekkonidae). - Zeitschr. Tierpsychol. 38: 
324-328. 
ELGERT, B. & RosENGREN, R. 1977: The guest ant 
Formicoxenus nitidulus follows the scent 
trail of its wood and host. - Memoranda 
Soc. Fauna Flora Fennica 53:35-38. 
FINNEGAN, R. J. 1973: Diurnal foraging activi ty of 
Formica sublucida, F. sanguinea subnuda, 
and F. fossaceps (Hymenoptera : Formici-
dae) in Quebec. - Canadian Entomol. 
105:441-444. 
voN FRISCH, K. 1967: The dance language and 
orientation of bees. - 566 pp. Cambridge 
Massachusetts. 
GoERNER, P. 1973: Beispiele einer Orientierung 
ohne richtende Aussenreize. - Fortschr. 
Zoo!. 21:20-45. 
GnLENBERG, G., LUNDQVIST, G. & RosENGREN, R. 
(in preparation): 
HANGARTNER, W. 1967: Spezifitiit und Inaktivie-
rung des Spurpheromones von Lasius fuli-
ginosus Latr. und Orientierung der Arbei-
terinnen im Duftfeld. - Zeitschr. Vergl. 
Physiol. 57:103-136. 
HoLT, S. J. 1955: On the foraging activity of the 
wood ant. - J. Aoim. Ecol. 24:1-34. 
HoRSTMANN, K. 1970: Untersuchungen iiber den 
Nahrungserwerb der Waldameisen (For-
mica polyctena foerster) im Eichenwald. I. 
Zusammensetzung der Nahrung, Abhiingig-
keit von Witterungsfaktoren und von der 
Tageszeit. - Oecologia (Berl) 5:138- 157. 
- »- 1973: Untersuchungen zur Arbeitsteilung 
unter den Aussendienstarbeiterinnen der 
Waldameise Formica polyctena Foerster. 
- Zeitschr. Tierpsychol. 32:532- 543. 
-»- 1974: Die Umlaufzeit bei den Aussendienst-
arbeiterinnen der Waldameisen (Formica 
polyctena Foerster) . - Waldhygiene 10: 
241-246. 
- »- 1975a: Dber das Verhalten der Aussen-
dienstarbeiterinnen der Waldameisen (For-
mica polyctena Foerster) im Friihjahr. -
Waldhygiene 11:1-12. 
- » - 1975b: Freilanduntersuchungen zum Rekru-
tierungsverhalten bei der Waldameise For-
mica polyctena Foerster. - Waldhygiene 
11:33--40. 
- »- 1976: Dber die Duftspur-Orientierung bei 
Waldameise (Formica polyctena Foerster). 
- Insectes Sociaux 23:227-242. 
HoLLDOBLER, B. 1974: Home range orientation and 
territoriality in harvesting ants. - Proc. 
Nat. Acad. Sci. USA 71:3274-3277. 
jArssoN, P. 1975: L'impregnation dans l'ontoge-
nese des compartiments de soins aux cocons 
chez la jeune fourmi rousse (Formica po-
lyctena Foerst.).- Behaviour 52:1 - 37. 
jANDER, R. 1957: Die optische Richtungsorientie-
rung der Roten Waldameise (Formica rufa 
L.). - Zeitschr. Vergl. Physiol. 40:162-
e~ . 
KIRSCHNER, W. 1964: Jahreszyklische Unter-
suchungen zur Reservestoffspeicherung und 
Dberlebensfiihigkeit adulter Waldameisen-
arbeiterinnen. - Zoo!. J ahrb. Physiol. 70: 
1-72. 
KNEITZ, G. 1964: Saisonales Trageverhalten bei 
Formica polyctena Foerst. (Formicidae., 
Gen. Formica). - Insectes Sociaux 11: 
105-129. 
- »- 1970: Saisonale Veriinderungen des Nest-
wiirmehaushaltes bei Waldameisen in Ab-
hiingigkeit von der Konstitution und dem 
Verhalten der Arbeiterinnen als Beispiel 
vorteilhafter Anpassung eines Insektenstaa-
tes an das Jahreszeitenklima. - Verh. 
Deutsch. Zoo!. Ges. 64:318-322. 
KoLTERMANN, R. 1973: Periodicity in the activity 
and learning performance of the honeybee. 
- In L. Barton Browne. (ed.). : Experi-
mental analysis of insect behaviour. Sprin-
ger Verlag pp. 218-227. 
KRuK DE BRUIN, M. & TrssrNG, 0. 1975: A "T.V.-
Scanning-line comparator" for recording 
locomotory activity of animals. - Oeco-
logia (Berl.) 20:189-195. 
LINDAUER, M. & MARTIN, H . 1968: Die Schwere-
orientierung der Bienen unter dem Einfluss 
so Rainer Rosengren: Foraging strategy of wood ants (Formica rufa group) 
des Erdmagnetfeldes. - Zeitschr. Vergl. 
Physiol. 00:219-248. 
MARKL, H. 1964: Geomenotaktische Fehlorientie-
rung bei Formica polyctena Forster. -
Zeitschr. Vergl. Physiol. 48:552-586. 
McCLuSSKEY, E. S. 1965: Circadian rhythms in 
male ants of five diverse species. - Science 
150:1087-1088. 
MocucH, M. & HoLLDOBLER, B. 1975: Communi-
cation and orientation during foraging and 
emigration in the ant Formica fusca. -
J. Comp. Physiol. 101 :275-288. 
0INONEN, E. A. 1956: Kallioiden muurahaisista ja 
niden osuudesta kallioiden metsittymiseen 
Etela-Suomessa. (On the ants of the rocks 
and their contribution to the afforestation 
of rocks in southern Finland.). - Acta En-
tomol. Fennica 12:1-212. 
0KLAND, F. 1931: Studien iiber die Arbeitsteilung 
und die Teilung des Arbeitsgebietes der 
roten Waldameise (Formica rufa L.). -
Zeitschr. Morph. tJkol. Tiere 20:63-131. 
Ono, D. 1958a: Dber die Arbeitsteilung im Staate 
von Formica rufa rufopra tensis minor 
Gossw. und ihre verhaltenspsychologischen 
Grundlagen. - Deutsche Akad. Landw. 
Wiss. Berlin. Wiss. Abh. 30 :1-166. 
_,._ 1958b: Die Ortstreue der Blattlausbesucher 
von Formica rufa L. - Waldhygiene 2: 
114-117. 
RENNER, M. 1958: Der Zeitsinn der Arthropoden. 
- Ergebn. Bioi. 20:127~158. 
RosENGREN, R. 1969: Notes regarding the growth 
of a polycalic nest system in Formica ura-
lensis Ruzsky. - Notulae Entomol. 49:fl 11 
--23(). 
_,._ 1971: Route fidelity, visual memory and 
recruitment behaviour in foraging wood 
ants of the genus Formica (Hymenoptera, 
Formicidae). - Acta Zool. Fenn. 133:1 
- 105. 
_ ,._ 1977: Foraging strategy of wood ants (For-
mica rufa group). I. Age polyetism and 
topographic traditions. - Acta Zool. Fenn. 
149:1-3{). 
RosENGREN, R. & PAMILO, P. 1977: Effect of 
winter timber felling on behaviour of for-
aging wood ants (Formica rufa group) in 
early spring. - Memorabilia Zoologica 
(Warsaw). (In Press) (abbreviated ver-
sion: Proceedings of II IUSSI Symposium, 
Warsaw 1976) . 
SAUNDERS, D. S. 1976: Insect Clocks. 279 pp. Ox-
ford. 
ScHONE, H . 1975: Orientation in space: Animals. 
8.0 General introduction. - in 0. Kinne 
(ed.): Marine Ecology II. Physiologi cal 
mechanisms. pp. 499-453. London. 
SNELI, J.-A. 1964: Klimafaktorenes innvirkning 
pa dognaktiviteten til Formica lugubris 
Zetterstedt Nord for polarsirkelen (Hyme-
noptera, Formicidae). - Oslo pp. 49. Ma-
nuscript Dept. Oslo University. 
STAGER, R. 1931: Dber das Mitteilungsvermogen 
der Waldameise beim Auffinden und 
Transport eines Beutestiickes. - Zeitschr. 
Wiss. Insektenbiol. 26:125-187. 
Suoo, J. H. 1967: An introduction to the beha-
viour of ants. 200 pp. London. 
WELLENSTEIN, G. 1954: Die Insektenjagd der roten 
Waldameise (Formica rufa, L.) . - Zeit-
schr. angew. Entom. 86:185-217. 
WILSON, E. 0. 1971: The insect societies. - 548 
pp. Harward Univ. Press. Cambridge. 


126. 
127. 
128. 
~· 
129. 
130. 
131. 
132. 
133. 
134. 
135. 
136. 
137. 
138. 
139. 
140. 
141. 
142. 
143. 
144. 
145. 
146. 
147. 
148. 
149. 
150. 
ANN-MARIB FoRsrtN: Variation in and between three populations of Meso-
hippus bairdii Leidy from the Big Badlands, South Dakota. 16 pp. (1970). 
BENGT WEsTERUNG: Rumen ciliate fauna of semi-domestic reindeer (Rangifer 
tarandus L.) in Finland: composition, volume and some seasonal variations. 76 pp. 
(1970). 
WoLFRAM: NoooT: Zur Okologie der Copepoda Harpacticoidea des Kiistengebietes 
von Tvarminne (Finnland) . .35 S. (1970). 
R. B. ANGus: A revision of the beetles of the genus Helophorus F. (Coleoptera: 
Hydrophilidae). Subgenera Orphelophorus d'Orcbymont, Gephelophorus Sharp and 
Meghelophorus Kuwert. 62 pp. (1970). 
ELAINB ANDERSON: Quaternary evolution of the Genus Martes (Carnivora, Musteli-
dae). 1.32 pp. (1970). 
BJORN KuRTEN: The Neogene wolverine Plesiogulo and the origin of Gulo 
(Carnivora, Mammalia). 22 pp. (1970). 
C.-H. von BoNSDORFF, T. FoRSSTBN, M. K. S. GusTAFSSON and B.-J. WrKGREN: 
Cellular composition of plerocercoids of Dzpbyllobothrium dendriticum (Cestoda). 
25 pp. (1971). 
RAINER RosENGREN: Route fidelity, visual memory and recruitment behaviour 
in foraging wood ants of the genus Formrca (Hymenoptera, Formicidae). 106 pp. 
(1971). 
GoRAN GYLLENBERG and A. J. P. GoRB: Some preliminary models for the energy 
flow of a Chorthzppus parallelus (Zeu.) (Orthoptera) population. 25 pp. (1972). 
BRIT GoosKB BJORK.LUND: The rotifer fauna of rock-pools in the Tviinninne 
archipelago, Southern Finland . .30 pp. (1972). 
MARTIN MErNANDER: A revision of the family Coniopterygidae (Planipennia) . 
.357 pp. (1972). 
ANN-MARIE FoRSrtN: Size and shape evolution in the cheek teeth of fossil horses . 
.31 pp. (197.3). 
M. K. S. GusTAFSSON: The histology of the neck region of plerocercoids of Triaeno-
phorus nodulosus (Cestoda, Pseudophyllidea). 16 pp. (1973). 
H. SrLFVERBERG: A revision of the genus Prosmzdia Weise (Coleoptera, Chrysomeli-
dae). 54 pp. (197.3). 
BJORN KuRrtN: A history of Coyote-Like Dogs (Canidae, Ma=alia) . .38 pp. (1974). 
KARI VEPSALAINEN: The life cycles and wing lengths of Finnish Gerris Fabr. species 
Heteroptera, Gerridae). 7.3 pp. (1974). 
GoRAN BYLUND: The taxonomic significan~ of embryonic hooks in four European 
D iphyllobothrium species (Cestoda, Diphyllobothriidae). 22 pp. (1975). 
RA UNo LINNA vuoRI: Revision of the Cicadellidae (Homoptera) of the Ethiopian 
Region Ill. Deltocepbalinae, Hecalini . .37 pp. (1975). 
MrGUEL CRUSAFONT PAtRO and BJORN KuRTtN: Bears and Bear-Dogs from the 
Vallesian of the Valles-Penedes Basin, Spain. 29 pp. (1976). 
0LLI )XRVlNEN and RrsTO A. V.Ars.ANEN: Species diversity of Finnish birds, II: Bio-
topes at the transition between taiga and tundra. 35 pp. ( 1976). 
MARGARETHA K. S. GusTAFSSON: Basic cell types in Echinococcus granulosus (Cesto-
da, Cyclophyllidea). 16 pp. (1976). 
RAuNo LtNNAVUORr: Hemiptera of the Sudan, with remarks on some species of the 
adjacent countries 5. Tingidae, Piesmidae, Cydnidae, Thaumastellidae and Plataspidae. 
81 pp. (1977). 
GoRAN GYLLENBERG and GUNNAR lUNDQVIST: Some effects of emulsifiers and oil on 
two copepod species. 24 pp. (1976). 
RAINER RoSENGREN: Foraging strategy of wood ants (Formica rufa group) I. Age 
polyethism and tOpographic traditions. 30 pp. (1977). 
RAI NER RosENGREN : Foraging strategy of wood an ts (Formica rufa group) II. 
Nocturnal orientation and die! periodicity. 30 pp. (1977). 
Helslngtn Yl! p\... t 
e .sAkirJ sto 
Exchange - Auslausch - Erhange 
SOCIETAS PRO FAUNA ET FLORA FENNICA 
Snellmaninkatu 9-11 Snellmansgatan 
00170 Helsinki 17 Helsingfors 
For sale- Verkauf- En vent 
Akateeminen Kirjakauppa - Akademiska Bokhandeln 
00100 Helsinki 10 Helsingfors 
ISBN 951-661-021-8 
ISSN 0001--7299 
PRINT ACO 
